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National interest in the provision of services for maternity and neonatal care was intensified by the publication in 1980 of the Social Services Committee's report on perinatal and neonatal mortality.' This report recommended, among other things, that standards should be set for appropriate levels of staffing and facilities for maternity care. The government did not directly support this recommendation in their reply to the report,2 but the Department of Health and Social Security was simultaneously considering what information would be required routinely to monitor performance in the health services.3' Other bodies were studying the information needs of the maternity services in particular. -7 The degree to which such data can inform decisions about the best organisation of maternity care depends on how well the relationship between the factors involved is understood. Although many authors8- '5 suggest that health resources for perinatal care play an important part in reducing the risk of mortality, there has also been research'12' which appears to contradict this finding for certain groups of births or for certain categories of resource. Economists have also studied maternity hospital resource organisation and "productivity", but these studies have often been *Crown copyright reserved limited by lack of data about outcomes, having considered only activity levels and throughput in hospitals.2223 While such studies may be acceptable to some hospital administrators and may help us to understand crude resource constraints, they can tell us little about whether the resources achieve or contribute to the desired objectives of maternity and neonatal care. This paper describes a study that was set up to investigate whether the mortality risk of babies is related to the resources available for their care at the time of birth. The study had the secondary purpose of identifying sources of routinely collected statistics that could be useful when perinatal services at different units or districts are being monitored and compared.
Materials and methods

HYPOTHESIS
We planned to test the hypothesis that there are one or more variables, reflecting staff availability, which improve on the proportion of variation in mortality between maternity units which is "explained" in linear regression by the proportion of low weight births alone. Our study was prompted by an earlier, unpublished study24 of seven hospitals in 158 Birmingham, in which perinatal mortality was positively associated with medical problem scores for the births at the unit, and negatively associated with staffing levels.
HOSPITALS AS THE UNIT OF ANALYSIS
The choice of the maternity hospital as the unit of analysis presents many problems of interpretation arising from the medical and social selection processes by which women come to deliver at a particular unit. Epidemiological studies of facilities available to populations resident in reasonably large geographically defined areas may correct this bias as women are less likely to be selected for their place of residence on the basis of factors affecting successful childbearing. However, such an approach does not allow analysis to take account of the effects of interaction between different kinds of resources within a particular unit. Nor does it take account of the interrelationship between risks for different births at the same hospital, for example, if high risk cases take resources away from low risk cases. In England and Wales, the maternity hospital unit is the usual unit for routine data collection, particularly about resources, because it is often a unit of management. Because of the difficulties of ascribing resources to resident populations, and given the constraints imposed by the available data, we have chosen the hospital of birth as our unit of analysis.
Maternity hospitals in England are not a homogeneous category, as they include units which are for low risk deliveries only, staffed mainly by midwives under the medical responsibility of general practitioners (GP units The selection of data items for description of resources available at each unit was based on recommendations of various professional and health service bodies concerned with perinatal services, in particular, a joint standing committee of the British Paediatric Association and the Royal College of Obstetricians and Gynaecologists, and the working groups of the Information Services Group. In addition, items of data that might be useful in a regional review of perinatal services have been identified by one ofus in a study ofthe content ofthose regional reviews that have taken place.7 Routine sources cannot tell us very much about the equipment, building, and access to services at each maternity unit; therefore our survey also asked about availability of "on site" services, availability of "off site" services, including "call out" and travel times, and a list of items ofequipment available in obstetric and neonatal units.
DATA COLLECTION
The study was carried out in the West Midlands Region, as a retrospective observational study of births that occurred between 1977 and 1983. Routinely collected data were obtained with the help of the West Midlands Regional Health Authority. It was necessary nevertheless to collect some data directly from the maternity hospitals included in our study. The senior midwife at each unit helped us by 159 completing a questionnaire about the unit's staffing from 1977 to 1983, about facilities, and about access to services both within and beyond their own hospital site. Most hospitals in the region contributed to the regional Hospital Activity Analysis (HAA) maternity system, and thus data were available at regional level about the births, including birthweight and presence of malformation, and the outcome of the births at these units. Two large maternity hospitals kept their own data systems and did not contribute to the regional system. Data about the births in these hospitals were collected directly. The HAA data were supplied on computer tape by the West Midlands Regional statistician and analysed by the authors using the university computers at Oxford and Warwick.
All health regions are required to collect and return annual statistics about medical and nursing staffto the DHSS. This annual staffcensus provides a breakdown by category of staff and grade. Data about nursing, midwifery, and medical staff were available at the West Midlands Regional Health Authority. As these data did not allow us to relate all staff to individual units, or even to identify numbers of medical staff, we were obliged to ask each maternity unit surveyed for this information. Even so, at several units, data for medical staff at consultant level in the period studied were still limited to a "head count" of staff. Furthermore, it was not possible to differentiate between staff within specialties and so, for example, we could not count separately full-time neonatologists and other paediatricians. DATA 
VALIDATION
There have been considerable criticisms of many routinely collected data systems. Hospital Activity Analysis, for example, has been shown to contain significant coding errors.28 We were aware of these possible shortcomings and indeed encountered them. For example, when we compared figures from two sources for total births in West Midlands hospitals for the years ofour study we found that the HAA count of total births differed by up to 5% of the total provided for the annual Hospital Return (SH3). We also compared data about midwifery staff from our survey of units with those available from the regional manpower statistics. We found that the figures were similar but not the same. This may be explained partly by delays in updating the payroll when staff move between grades or units. Developments since 1983 in manpower data systems may have reduced these discrepancies.
We were obliged to use the HAA data for our study, but for staff data we chose to use the figures given at unit level, preferring to rely on senior unit staff having a better idea of their own unit's personnel than to 160 assume that the processed payroll statistics would be accurately coded. Inevitably, some data items were not available for all units in each year covered in the study. In these circumstances, the unit in question had to be excluded from the regression analysis for that particular year.
ANALYSIS
We have already used the data from this study to introduce a graphical method for presenting information on outcomes and resources to maternity managers at unit level. 29 Even though we excluded the isolated GP units, the annual number of births in the maternity units studied varied from 800 to over 5000. We therefore performed the regression analyses including the annual number of births at each unit as a weighting factor.
When the data from the different sources had been prepared in machine readable, compatible form, we performed analyses using the SPSS-X statistical computer package. Inspection of scatter diagrams and correlation matrices allowed us to observe interactions between variables in our analyses. We used stepwise linear multiple regression to identify which, if any, of the staffing and birthweight variables best explained variations in mortality between maternity hospitals. The approach to multivariate analysis which we have followed is described, with well advised caution about interpretation, in an article by Lew (fig 1) . The variations partly reflect the relatively small numbers of deaths at each unit but also differences and changes in "case mix".
Birthweight
The median proportion of very low weight births in West Midlands obstetric units varied but was close to the national percentage at around 1% of births. Over the period from 1977 to 1983 the range has increased (fig 2) . Possible explanations may include increasing selection for place of birth over the period (including in utero transfer). The inclusion ofincreasing numbers of births of less than 1000 g in the birth statistics could also affect the upper value.
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Numbers of births
The range of annual numbers of births in the obstetric units studied varied by a factor of six, the majority of units falling into the range 1000-5000 annual births. The regional crude birth rate increased from 11-8 in 1977 to 13-2 per 1000 total resident population in 1983, with a peak in 1980. However, births in individual hospitals did not always follow this pattern, being affected also by neighbouring unit closures or changes in referral patterns.
Medical staff
Ratios ofmedical staffof all grades per 10 000 births in the specialties of paediatrics and of obstetrics and gynaecology varied widely between consultant obstetric units in each of the years 1977 to 1983, with the highest values three times the lowest value ( fig 3) . In 1982, the ratio of obstetric staff per 10 000 births varied between 26 and 37, while the same ratio for paediatric staff varied between 13 and 21.
Midwives and nurses
There was also a wide variation (between 14 and 33 per 1000 births in 1982) in the ratio of whole time equivalent midwives to births at each unit. This was not correlated with the size of the unit. There was a slight upward trend in the ratio after 1979 (fig 3) . This is likely to be due to the change in 1980 in the whole time working week for midwifery and nursing staff from 40 to 37 5 hours a week. high paediatric staffing ratios are unlikely to have high mortality, and that units with higher mortality do not include those with high staffing ratios. As we have shown, the observed correlations suggest that, taken separately, very low birthweight and paediatric staffing were both related to the risk of perinatal death at the hospital of birth in each of the years 1977-83. Multiple linear regression allows us to establish for each year whether or not variations in mortality are related in a linear form to some or all ofa Factors affecting the outcome of maternity care I conformed to expectations, that is, the predicted effect of a higher proportion of low weight births was an increase in mortality, and the effect of more resources was a decrease.
Whatever measure ofmortality is used, the variables selected as contributing significantly to the explained variance in mortality included either an indicator of the birthweight distribution, or a measure of paediatric staffing, or both. The measure of the birthweight distribution that was more frequently selected was the percentage of births weighing 1500 g or less.
A full summary ofthe regression results is presented in the Appendix, and we highlight some of the important findings in the following paragraphs.
For in house perinatal mortality rates there were two equations which performed well in different years. The interpretation of the second equation is that an underlying perinatal mortality rate ofabout 8 per 1000 total births is increased by 0-12 for every unit increase in the percentage ofbirths weighing 2500 g or less, and decreased by 0-22 for every unit increase in the ratio of paediatricians to 10 000 births. Similar equations, using either TB < 15 on its own or TB <25 together with PD explain variations in singleton PNMR and PNMR excluding malformations, with similar values for the coefficients. We observed this relationship in more than half of the years studied, and this suggests that we are observing a real phenomenon and not just a chance association.
Where the variable PD/LBW is included, we find no birthweight measure separately selected in the regression. This variable was designed as an indicator of paediatric cover for babies "at risk", and for use in the equations that excluded stillbirths. When we offered it as an explanatory variable for perinatal mortality, we found that it explained almost as much of the variance as the equations given above. This was consistent with our finding that the stillbirth rate was predicted by none of the variables in our models, whether or not we included those with congenital malformations.
The obstetric, midwifery, and nursing variables were not selected by any of the regressions. Changing the midwifery and nursing variable to include only qualified midwives did not alter this pattern (row Ic in  table A2 ). However, where more detailed staffing data were available (12 units), the correlation coefficients suggested that subsets of the variables OB and MN may have an effect that was lost in the more general measure. Given the small number of units with such detailed data, the probability of detecting statistically significant relationships was reduced. This was borne out in regression analysis where no significant relationships were detected.
Discussion
This study set out to examine the relationships between staffing at maternity units and the outcome of birth, and also to consider the usefulness of routinely available statistics for monitoring maternity services. Our analysis has yielded some potentially important findings, which we discuss below. We also consider some points about design and use of routine data systems for monitoring maternity and neonatal care.
In this study, we chose to use a multivariate regression model including measures of birthweight distribution as an independent variable, instead of the alternative approach which examines birthweight groups separately. This was because we thought we might find an effect whereby a heavy workload, signalled by a higher proportion of low birthweight deliveries, might influence the death rate of all babies, including bigger ones. Our analysis did not support this: there was no relationship between death rates for babies weighing over 2500 g and the birthweight distributions.
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The observation that "in house" perinatal mortality was dependent on the proportion of births within the group weighing 1500 g or less confirmed our hypothesis that this was a more sensitive indicator of births at risk than the proportion weighing 2500 g or less.
STAFF AT THE HOSPITAL OF BIRTH AND PERINATAL MORTALITY Many claims have been made about the inadequacy of staffing and facilities at the place of birth, and calls have been made for standards to be set. We found that there were wide variations in ratios of professional staff caring for women and their babies at each unit, but that in only one case, that of paediatric staff, was there a consistent relationship between staffing ratios and mortality rates. This was significant in four of the seven years studied.
The lack of a clear relationship between mortality and obstetricians and/or midwives suggests two points. One is that a large proportion of the work in the units studied, particularly for midwives, is caring for women giving birth to those babies who are at the lowest risk of death. Bakketeig and colleagues8 found in Norway that for the low risk group there was a minimum level of resources below which mortality increased, but above which increases in resource levels had no effect on mortality. If this pattern applied in our study we could conclude either that all units had at least the threshold level for midwifery and obstetric staffing, or that deaths in this group are so rare that we could not have observed any effect if it did exist, given the small number of units studied.
Following on from this point, we do not conclude that additional staff who have not been shown to be "saving more lives" are not performing a useful purpose. More appropriate measures of the outcome of maternity care would be needed before we could comment on the effects of the wide range of obstetric and midwifery staffing at the units in our study.
Although examination of all newborns is part of the work of paediatricians in maternity units, their r6le is inevitably focussed on sick and low weight babies. Paediatricians were less numerous in maternity units in our study than obstetric staff, making it possible for units to be left with no senior paediatric cover, or for junior staff to be available only on a one in two rota. It is perhaps not surprising therefore that early neonatal deaths should be more sensitive to the level of paediatric staffing. In England and Wales as a whole, there has been a steady increase in the ratio of paediatricians to births over the period of our study, Region (see fig 3) . John Stilwell, Ala Szczepura, and Miranda Muglord During this period there has been an increasing emphasis on neonatal care and appropriate referral. Evidence from our study suggests that in utero and neonatal referral between hospitals has been increasing steadily. Thus it is not just staff and workload at the place of birth that may be important but also facilities available to those births at district and regional level.
BIRTHWEIGHT AND PERINATAL MORTALITY
We accept that birthweight alone may not completely control for social or ethnic risk factors. If it were the case that well staffed units also serve the socially better favoured populations, correlation between staffing and mortality would be artificially strengthened. In the case of ethnic differences, we found that unit staffing figures for 1980 were not related to the proportion of district births where the mother was born outside the UK. If there is a confounding effect from these variables, it must be because of selective cross boundary referral of less risky births to better staffed units or lower referral of high risk births from poorly staffed units. The For monitoring maternity services and outcomes, there are equally good and diverse reasons for tabulating results by administrative unit, hospital of birth, or by residential area, and a data system should have the flexibility to do this. Such analyses will help to establish the extent to which selection for place of delivery accounts for mortality differences, and would allow assessment of which facilities are in fact available to their local populations.
A maternity information system should also be designed to trace outcome after the hospital episode during which birth occurred. Analysis of all the neonatal deaths recorded in the West Midlands Regional HAA in 1982 showed that of 453 recorded neonatal deaths in West Midlands hospitals, 14% (64) occurred after neonatal transfer. At present, linking these deaths to the birth record is a complex process, but we have done this for the years 1978, 1980, and 1982 . The results ofincorporating deaths after transfer into our analysis will be reported later.
Information about staff
The recommendations from the NHS/DHSS Information Steering Group, if implemented fully, should go a long way to improving statistics about staff. It is not clear, however, whether this will permit the analysis ofmedical staff time within each specialty. At present we cannot exclude the time spent on gynaecological or general paediatric care by the medical staff included in our study, and thus our medical staffing figures provide only a crude estimate of resources for maternity care. Planned medical manpower systems should allow analysis at regional level of whole time equivalent staff available for each unit in the region.
Conclusions
For the past 20 years or so, measurement of the effectiveness of the perinatal services has concentrated on the "hard" measure of mortality. Explanatory variables for variations in mortality have been birthweight, social class, and other factors related to living conditions. Studies have tended to take the district or larger geographical unit as the basis for analysis, and these may well be the most appropriate explanatory variables in these circumstances. Our study, however, examines outcomes at hospital level, and it is at this level that variations in the provision of resources might be expected to have a discernible impact on outcomes. We have been able to conclude from our study that not only is the variation in perinatal mortality primarily associated with the proportion of births weighing under 1501 g, but that higher paediatric staffing levels are associated with lower mortality rates. Predictably, this effect is most marked when the mortality measure is early neonatal death. Our 
